ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/235349484

Improving the safety of viral DNA vaccines: Development of vectors
containing both 5" and 3" homologous regulatory sequences from non-viral
origin

Article in Applied Microbiology and Biotechnology - September 2012

DOI: 10.1007/s00253-012-4403-7

CITATIONS READS
4 46

6 authors, including:

Alicia Martinez-Lopez Paloma Encinas
Albert Einstein College of Medicine Instituto Nacional de Investigacion y Tecnologia Agraria y Alimentaria
35 PUBLICATIONS 252 CITATIONS 21 PUBLICATIONS 299 CITATIONS

SEE PROFILE SEE PROFILE
Pablo Garcia Valtanen Eduardo Gomez-Casado
University of South Australia Instituto Nacional de Investigacion y Tecnologia Agraria y Alimentaria
28 PUBLICATIONS 215 CITATIONS 126 PUBLICATIONS 2,421 CITATIONS

SEE PROFILE SEE PROFILE

Some of the authors of this publication are also working on these related projects:

poject  AGL2014 View project

rject  Vaccine development View project

All content following this page was uploaded by Julio Coll on 21 May 2014.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/235349484_Improving_the_safety_of_viral_DNA_vaccines_Development_of_vectors_containing_both_5%27_and_3%27_homologous_regulatory_sequences_from_non-viral_origin?enrichId=rgreq-3e7d77bf80a367f84e1800a19df334a8-XXX&enrichSource=Y292ZXJQYWdlOzIzNTM0OTQ4NDtBUzo5OTMxNjYzOTIwNzQ0N0AxNDAwNjkwMzQwNTI0&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/235349484_Improving_the_safety_of_viral_DNA_vaccines_Development_of_vectors_containing_both_5%27_and_3%27_homologous_regulatory_sequences_from_non-viral_origin?enrichId=rgreq-3e7d77bf80a367f84e1800a19df334a8-XXX&enrichSource=Y292ZXJQYWdlOzIzNTM0OTQ4NDtBUzo5OTMxNjYzOTIwNzQ0N0AxNDAwNjkwMzQwNTI0&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/AGL2014?enrichId=rgreq-3e7d77bf80a367f84e1800a19df334a8-XXX&enrichSource=Y292ZXJQYWdlOzIzNTM0OTQ4NDtBUzo5OTMxNjYzOTIwNzQ0N0AxNDAwNjkwMzQwNTI0&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Vaccine-development-8?enrichId=rgreq-3e7d77bf80a367f84e1800a19df334a8-XXX&enrichSource=Y292ZXJQYWdlOzIzNTM0OTQ4NDtBUzo5OTMxNjYzOTIwNzQ0N0AxNDAwNjkwMzQwNTI0&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-3e7d77bf80a367f84e1800a19df334a8-XXX&enrichSource=Y292ZXJQYWdlOzIzNTM0OTQ4NDtBUzo5OTMxNjYzOTIwNzQ0N0AxNDAwNjkwMzQwNTI0&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alicia_Martinez-Lopez?enrichId=rgreq-3e7d77bf80a367f84e1800a19df334a8-XXX&enrichSource=Y292ZXJQYWdlOzIzNTM0OTQ4NDtBUzo5OTMxNjYzOTIwNzQ0N0AxNDAwNjkwMzQwNTI0&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alicia_Martinez-Lopez?enrichId=rgreq-3e7d77bf80a367f84e1800a19df334a8-XXX&enrichSource=Y292ZXJQYWdlOzIzNTM0OTQ4NDtBUzo5OTMxNjYzOTIwNzQ0N0AxNDAwNjkwMzQwNTI0&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Albert_Einstein_College_of_Medicine?enrichId=rgreq-3e7d77bf80a367f84e1800a19df334a8-XXX&enrichSource=Y292ZXJQYWdlOzIzNTM0OTQ4NDtBUzo5OTMxNjYzOTIwNzQ0N0AxNDAwNjkwMzQwNTI0&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alicia_Martinez-Lopez?enrichId=rgreq-3e7d77bf80a367f84e1800a19df334a8-XXX&enrichSource=Y292ZXJQYWdlOzIzNTM0OTQ4NDtBUzo5OTMxNjYzOTIwNzQ0N0AxNDAwNjkwMzQwNTI0&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Paloma_Encinas?enrichId=rgreq-3e7d77bf80a367f84e1800a19df334a8-XXX&enrichSource=Y292ZXJQYWdlOzIzNTM0OTQ4NDtBUzo5OTMxNjYzOTIwNzQ0N0AxNDAwNjkwMzQwNTI0&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Paloma_Encinas?enrichId=rgreq-3e7d77bf80a367f84e1800a19df334a8-XXX&enrichSource=Y292ZXJQYWdlOzIzNTM0OTQ4NDtBUzo5OTMxNjYzOTIwNzQ0N0AxNDAwNjkwMzQwNTI0&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Instituto_Nacional_de_Investigaciones_y_Experiencias_Agronomicas_y_Forestales?enrichId=rgreq-3e7d77bf80a367f84e1800a19df334a8-XXX&enrichSource=Y292ZXJQYWdlOzIzNTM0OTQ4NDtBUzo5OTMxNjYzOTIwNzQ0N0AxNDAwNjkwMzQwNTI0&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Paloma_Encinas?enrichId=rgreq-3e7d77bf80a367f84e1800a19df334a8-XXX&enrichSource=Y292ZXJQYWdlOzIzNTM0OTQ4NDtBUzo5OTMxNjYzOTIwNzQ0N0AxNDAwNjkwMzQwNTI0&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Pablo_Garcia_Valtanen?enrichId=rgreq-3e7d77bf80a367f84e1800a19df334a8-XXX&enrichSource=Y292ZXJQYWdlOzIzNTM0OTQ4NDtBUzo5OTMxNjYzOTIwNzQ0N0AxNDAwNjkwMzQwNTI0&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Pablo_Garcia_Valtanen?enrichId=rgreq-3e7d77bf80a367f84e1800a19df334a8-XXX&enrichSource=Y292ZXJQYWdlOzIzNTM0OTQ4NDtBUzo5OTMxNjYzOTIwNzQ0N0AxNDAwNjkwMzQwNTI0&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_South_Australia2?enrichId=rgreq-3e7d77bf80a367f84e1800a19df334a8-XXX&enrichSource=Y292ZXJQYWdlOzIzNTM0OTQ4NDtBUzo5OTMxNjYzOTIwNzQ0N0AxNDAwNjkwMzQwNTI0&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Pablo_Garcia_Valtanen?enrichId=rgreq-3e7d77bf80a367f84e1800a19df334a8-XXX&enrichSource=Y292ZXJQYWdlOzIzNTM0OTQ4NDtBUzo5OTMxNjYzOTIwNzQ0N0AxNDAwNjkwMzQwNTI0&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Eduardo_Gomez-Casado?enrichId=rgreq-3e7d77bf80a367f84e1800a19df334a8-XXX&enrichSource=Y292ZXJQYWdlOzIzNTM0OTQ4NDtBUzo5OTMxNjYzOTIwNzQ0N0AxNDAwNjkwMzQwNTI0&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Eduardo_Gomez-Casado?enrichId=rgreq-3e7d77bf80a367f84e1800a19df334a8-XXX&enrichSource=Y292ZXJQYWdlOzIzNTM0OTQ4NDtBUzo5OTMxNjYzOTIwNzQ0N0AxNDAwNjkwMzQwNTI0&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Instituto_Nacional_de_Investigaciones_y_Experiencias_Agronomicas_y_Forestales?enrichId=rgreq-3e7d77bf80a367f84e1800a19df334a8-XXX&enrichSource=Y292ZXJQYWdlOzIzNTM0OTQ4NDtBUzo5OTMxNjYzOTIwNzQ0N0AxNDAwNjkwMzQwNTI0&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Eduardo_Gomez-Casado?enrichId=rgreq-3e7d77bf80a367f84e1800a19df334a8-XXX&enrichSource=Y292ZXJQYWdlOzIzNTM0OTQ4NDtBUzo5OTMxNjYzOTIwNzQ0N0AxNDAwNjkwMzQwNTI0&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Julio_Coll?enrichId=rgreq-3e7d77bf80a367f84e1800a19df334a8-XXX&enrichSource=Y292ZXJQYWdlOzIzNTM0OTQ4NDtBUzo5OTMxNjYzOTIwNzQ0N0AxNDAwNjkwMzQwNTI0&el=1_x_10&_esc=publicationCoverPdf

Appl Microbiol Biotechnol (2013) 97:3007-3016
DOI 10.1007/s00253-012-4403-7

APPLIED GENETICS AND MOLECULAR BIOTECHNOLOGY

Improving the safety of viral DNA vaccines: development
of vectors containing both 5" and 3’ homologous regulatory

sequences from non-viral origin

A. Martinez-Lopez - P. Encinas - P. Garcia-Valtanen -
E. Gomez-Casado - J. M. Coll - A. Estepa

Received: 1 June 2012 /Revised: 29 August 2012 / Accepted: 4 September 2012 /Published online: 23 September 2012

© Springer-Verlag 2012

Abstract Although some DNA vaccines have proved to be
very efficient in field trials, their authorisation still remains
limited to a few countries. This is in part due to safety issues
because most of them contain viral regulatory sequences to
driving the expression of the encoded antigen. This is the
case of the only DNA vaccine against a fish rhabdovirus (a
negative ssRNA virus), authorised in Canada, despite the
important economic losses that these viruses cause to aqua-
culture all over the world. In an attempt to solve this prob-
lem and using as a model a non-authorised, but efficient
DNA vaccine against the fish rhabdovirus, viral haemor-
rhagic septicaemia virus (VHSV), we developed a plasmid
construction containing regulatory sequences exclusively
from fish origin. The result was an “all-fish vector”, named
pJAC-G, containing 5" and 3’ regulatory sequences of f3-
acting genes from carp and zebrafish, respectively. In vitro
and in vivo, pJAC-G drove a successful expression of the
VHSV glycoprotein G (G), the only antigen of the virus
conferring in vivo protection. Furthermore, and by means of
in vitro fusion assays, it was confirmed that G protein
expressed from pJAC-G was fully functional. Altogether,
these results suggest that DNA vaccines containing host-
homologous gene regulatory sequences might be useful for
developing safer DNA vaccines, while they also might be
useful for basic studies.
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Introduction

Vaccines for the prevention of human and animal infectious
diseases are a major public health priority. Immunisation
with DNA vaccines encoding key proteins involved in the
immune response to pathogens has emerged as a major
focus of vaccine research (Schleiss 2009) after three DNA
vaccines were recently licensed for animal health applica-
tions (Salonius et al. 2007). These included two infectious
disease vaccines, for West Nile virus in horses (Ft Dodge
Animal Health), and infectious haematopoietic necrosis
rhabdovirus (IHNV) in salmon (Novartis) and a melanoma
cancer vaccine for dogs (Merial) (Williams et al. 2009).

In addition to the election of highly immunogenic target
antigens, the vector design criteria are also crucial for the
development of DNA vaccines. To date, most of DNA
vaccine vectors, including those used in the authorised and
commercialised DNA vaccines against west Nile virus
(Laddy and Weiner 2006; Martin et al. 2007) and IHNV
(Alonso et al. 2011; Salonius et al. 2007), rely on the 5’
regulatory sequences (enhancer/promoter sequences) of the
human immediate early cytomegalovirus (CMV) gene
(Belakova et al. 2007; Donnelly et al. 2005; Laddy and
Weiner 2006; Liu et al. 1995). In addition, 3’ regulatory
sequences (transcription terminators/polyadenylation sig-
nals) derived from other viruses, like those from the simian
virus (SV40), are commonly present in DNA vaccine vec-
tors (Williams et al. 2009). Despite the effectiveness of these
systems, viral regulatory sequences constitute and impedi-
ment for their licensing and commercialisation in many
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countries. For example, the use of the DNA vaccine based
on the IHN rhabdovirus glycoprotein G gene licensed in
Canada has been not authorised by the European Union,
although the economic costs of rhabdoviruses caused dis-
eases to the European salmonid aquaculture industry are
estimated at about 40-50 million euros per year (Chico et
al. 2009), and there are neither specific agents nor other
efficient vaccines for the treatment or prevention of these
diseases. Therefore, it is clear that an improved DNA vector
design will facilitate DNA vaccines practical applications by
increasing their safety (Williams et al. 2009).

As a first approach, vector constructs harbouring regulatory
sequences derived from genes homologous to the DNA vac-
cine target animal species were considered. To evaluate this
possibility and using as model a DNA vaccine against the viral
haemorrhagic septicaemia virus (VHSV), we designed and
developed a new DNA vaccine vector containing regulatory
sequences only from fish origin (“all-fish vector’). For that, we
first tested the efficacy of seven transcription terminator
sequences selected from fish genes for the best in vitro ex-
pression of the glycoprotein G of VHSV. Next, the best
expressing transcription terminator sequence was combined
with a vector encoding the DNA sequence of VHSV glyco-
protein G under the control of the 5" regulatory sequences of
carp [3-actin gene, thus generating, the ‘all-fish vector’, pJAC-
G. In vitro assays demonstrated that the glycoprotein G suc-
cessfully expressed under the control of both 3’ and 5’ fish
regulatory sequences. Furthermore, the expressed viral protein
was fully functional as shown in fusion assays. Finally, this
vector also mediated an efficacious in vivo expression of the
antigen both at the transcription and protein levels. Taken
together, these results suggest that DNA vaccines containing
host-homologue gene regulatory sequences might be useful
for developing safer DNA vaccines, while they also might be
useful for basic studies.

Materials and methods
Expression vectors

All of the vectors used in this work coded for the whole
sequence of protein G of viral haemorrhagic septicaemia
(VHSV) (Nuiez et al. 1998; Thiry et al. 1990) strain
VHSV-0771, isolated in France from rainbow trout
(Oncorhynchus mykiss) (LeBerre et al. 1977). The previous-
ly described pMCV1.4-G vector (Rocha et al. 2005) was
used to construct the different fish terminator-containing
plasmid constructs by replacing its simian virus 40 (SV40)
transcription terminator sequence with synthetic sequences
derived from terminators of fish origin. The terminator
sequences were obtained from a recently described short
terminator of soluble neuropilin-1 (sNRP-1) (McFarland et
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al. 2006), trout (-actin (accession no. AJ438158) (Johnson
et al. 2004), zebrafish 3-actin (accession no. BX005070),
chinook salmon growth hormone CSGH (accession no.
pFV3CAT) (Caldovic and Hackett 1995), tilapia gonadotro-
pin releasing hormone GnRH (accession no. AF467291)
(Farahmand et al. 2003) and trout Vig2 (accession no.
AF290477) (Boudinot et al. 2001) (Fig. 1). The selected
terminator, zebrafish 3-actin (zf (-actin), was then cloned
into the pAE6-G vector (Chico et al. 2009; Ortega-Villaizan
et al. 2011) replacing the SV40 terminator. The regulatory
sequences (2,577 base pairs, bp) of pAE6 vector (Brocal et al.
2006; Cheng et al. 2002) included the carp 3-actin enhancer/
promoter sequence as well as both the first exon (a non-coding
exon) and first intron sequence from the carp [3-actin gene
(Liu et al. 1990) (GenBank accession no. M24113).

Construction of plasmids with fish terminators

All the selected terminators from GenBank fish sequences
were chemically synthesized (BioS&T; Montreal, Canada)
flanked with Nhel and Pcil and inserted into the pMCV1.4-
G vector (Fig. 1) obtaining thus the different fish transcript
terminator-containing vectors. Escherichia coli DH5alpha
(Invitrogen) were then transformed by electroporation with
each of the plasmid constructs. Large amounts of vector
were prepared from E. coli pellets by using a modification
of the Wizard plus Megaprep DNA purification system
(Promega). After extraction, the plasmid were resolved on
a 1 % agarose gel; then, the DNA bands corresponding with
the theoretical size of supercoiled plasmid were excised and
purified from the gel following standard procedures. The
concentration of the DNA was then estimated by nanodrop
ND1000 spectrophotometry measurements (Nanodrop
Technologies Inc.). Vector solutions were adjusted to 0.5—
1 mg/ml in water and kept frozen until used.

Cell cultures

Epithelioma papulosum cyprini (EPC) cells were obtained
from the American Type Culture Collection (ATCC) collec-
tion (catalogue no. CRL-2872). They were recently found to
be from fathead minnow (Pimephales promelas) (Winton et
al. 2010). EPC cells were grown at 28 °C in RPMI Dutch
modified cell culture medium 20 mM HEPES (Flow), 10 %
foetal calf serum (FCS), | mM pyruvate, 2 mM glutamine,
50 pug/ml of gentamicin and 2.5 pug/ml of Fungizone.
Likewise, RTG-2 cells (fibroblastic cell line derived from
rainbow trout gonad), also purchased from ATCC (CCL-
55), were maintained at 20 °C in a 5 % CO, atmosphere
with minimal essential medium (MEM) (with Earle's salts)
cell culture medium (Gibco) containing 10 % FCS (Sigma),
2 mM glutamine (Gibco) and 50 pg/ml neomycin sulphate
(Sigma).



Appl Microbiol Biotechnol (2013) 97:3007-3016

3009

CcCMV Trasncription N
promoter q, terminator ame

————1 HSV . sv4o

———— O SNRP-1

| — 2xsNRP-1

———— = Trout Bactin

—— 1 [T Zf Bactin1

—————1 CSGH

— = GnRH

[ —— = Trout Vig2
Name Definition bp Acc. numbers Position numbers
SV40 Simian Virus 40 202 pMCV1.4 2625-2826
sNRP-1 *soluble neuropilin-1 /25—
2xsNRP-1 *duplicated sSNRP-1 34 e e
Trout Bactin Trout Bactin 3'UTR 688 AJ438158 1190-1879
Zf Bactin1 Zebrafish Bactin1 3'UTR 667 BX005070 14787-15453
CSGH Chinook Salmon Growth Hormone 357 pFV3CAT 3547-3903
GnRH Tilapia Gonadotropin Releasing Hormone 226 AF467291 5596-5820
Trout Vig2 Trout VHSV-Induced gene 2 134 AF290477 1561-1712

Fig. 1 Substitutions of SV40 transcription terminator with alternative
fish terminators. The transcription terminator of the pMCV1.4-G vec-
tor was obtained from the SV40. It was substituted by the fish tran-
scription terminators listed above by the corresponding chemical

Transfection assays

Cell transfection assays were performed as previously de-
scribed (Brocal et al. 2006; Lopez et al. 2001). Briefly, EPC
and RTG-2 cell monolayers, grown in culture flasks of
75 cm?, were detached using trypsin (Sigma), washed, resus-
pended in culture medium supplemented with 10 % of FCS
and dispensed into 96-well plates in approximately 5x10*
EPC or 1.8x10* RTG-2 cells per well in a final volume of
100 pl. Transfections were carried out with the cells in sus-
pension, right in the moment of the dispensing. The plasmids
were added at different concentrations [250, 125 and 62 ng/
well for the first screening, and 150 and 75 ng/well for the
selected combination (the plasmid with the 5’ regulatory
sequences from carp [3-actin gene, pAE6, and containing the
zf 3-actin terminator)]. They were complexed with 0.3 ul of
FuGene 6 (Roche, Barcelona, Spain) for EPC cells or FuGene
HD (Roche, Barcelona, Spain) for RTG-2 cells, incubated for
30 min in 25 pl of RPMI-1640 containing 2 mM CaCl, and
then added to each well in 100 pl of complete cell culture
medium. Plates were further incubated at 20 °C for 2 days for
EPC cells, or at 14 °C for 3 days for RTG-2.

synthesis and subsequent subcloning into the pMCV1.4-G backbone.
All the terminators have the consensus AATAA sequence. *AAA-
TAAAATACGAAATG terminator sequence

Gene expression assays

Cells were transfected as described above. Plates were then
incubated at 20 °C for 2 days for EPC or at 14 °C for 3 days
for RTG-2, and the expression of VHSV G glycoprotein
transcripts was then assessed by RT-qPCR. An RNeasy Plus
minikit (Qiagen) was used for total RNA extraction follow-
ing the manufacturer's instructions, and isolated RNAs were
stored at —80 °C until used. One microgram of RNA, as
estimated by a NanoDrop 1000 spectrophotometer (Thermo
Fisher Scientific, Inc.), was used to obtain the cDNA using
Moloney murine leukemia virus (M-MLV) reverse tran-
scriptase (Invitrogen). Quantitative PCR (qPCR) was per-
formed in an ABI PRISM 7300 System (Applied
Biosystems, NJ). The internal reference to normalise data
was the 18S rRNA (Applied Biosystems) for EPC and the
cellular elongation factor 1 alpha (EF1-c) gene for RTG-2.
Reactions were performed with 2 pl of cDNA reaction
mixture, 900 nM each primer, 200 nM probe and 10 pl of
TagMan universal PCR master mix (Applied Biosystems) in
20 pl volume. The cycling conditions were 50 °C for 2 min
and 95 °C for 10 min, followed by 40 cycles at 95 °C for
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15 s and 60 °C for 1 min. Gene expression results were
analysed by means of the 2" method (Martinez-Alonso et
al. 2011) where ACt was determined by subtracting the
18S- or the EF1x-Ct value from the target Ct. Primers used
were for EF-a: forward 5'-ACCCTCCTCTTGGTC
GTTTC-3', reverse 5'-TGATGACACCAACAGCAACA-3'
and probe 5-GCTGTGCGTGACATGAGGCA-3'. Primers
used for the VHSV G gene were forward 5-GGGCCTT
CCTTCTACTGGTACTC-3’, reverse 5'-CGGAATCCC
GTAATTTGGAAT-3' and probe 5'-CTGTTGCTGCAAG
GCGTCCCCT-3". For each condition, the Student ¢ one-
tail statistic associated P value was computed in relation to
the pMCV1.4-G-pSV40 data. When indicated, results were
expressed as percentage of transcript expression levels in the
cell transfected with the plasmid pMCV1.4-G and calculat-
ed by the formula, (transcript level of VHSV G in cells
transfected with a fish transcript terminator-containing vec-
tor/transcript level of VHSV G in cells transfected with
pMCV1.4-G)*100.

Flow cytometry assays

Transfected cell monolayers were incubated with a cocktail
of anti-gpG monoclonal antibodies (MAbs) (Mas et al.
2004) diluted 100-fold with RPMI and 10 % FCS for 1 h
at 20 °C with occasional gentle agitation. After careful
washing with RPMI 10 % FCS medium, the monolayers
were incubated with rabbit anti-mouse Fab2 IgG-FITC
conjugate (Nordic) diluted 200-fold with RPMI and 10 %
FCS for 30 min at 20 °C. After washing with RPMI 10 %
FCS medium, the cell monolayers were detached and trans-
ferred to tubes by using FACS buffer consisting of PBS
(100 mM Na,HPOy,, 27 mM KCIl, 17 mM KH,PO,, 1.3 M
NaCl, pH 7.4), 0.1 % bovine serum albumin, 0.01 % NNas
and 50 mM EDTA. Transfections with pMCV1.4-gpG at the
established concentrations were included in each experiment
to correct for variations between experiments, represent-
ing each value the 100 % of transfection for each
dilution. The number of cells expressing the G protein
in the membrane of transfected cells was estimated in
10,000 cells by using a FACScanto II apparatus (Becton
Dickinson) and the software FACSDiva v6.3.1 (Becton
Dickinson). Fluorescence histograms versus number of
cells showed two peaks of fluorescence separated by a
threshold value of significant FL1 fluorescence above
the background fluorescence obtained with pMCV1.4
transfected cells between 20 and 30 arbitrary fluores-
cence units depending on the experiment. The percent-
age of the fluorescent cells were calculated by the
formula, number of fluorescent cells above the thresh-
old/total number of cellsx100 (Ruiz et al. 2008). The
results are expressed as means and standard deviations
from two different independent experiments.

@ Springer

Immunofluorescence assays

To detect the presence of VHSV gpG on the cell mem-
branes, RTG-2 and EPC cells were transfected, grown in
96-well plates, fixed with 4 % paraformaldehyde in PBS
(15 min at room temperature) and incubated with a cocktail
of anti-gpG MAbs (Mas et al. 2004), diluted 200-fold for 2 h
at room temperature. After a wash with PBS, 300 ul of
fluorescein-labelled rabbit anti-mouse IgG Ab (Sigma) di-
luted 200-fold was added per well and incubated for 45 min.
Stained cells were viewed and photographed with an
inverted fluorescence microscope (Nikon Eclipse TE2000-
U) equipped with a digital camera (Nikon DS-1QM).

Fusion assays

RTG-2 and EPC cells were transfected and grown on 96-well
plates as indicated above. After 48 h in the case of EPC or 72 h
for RTG-2, the cell culture medium was removed, cells were
washed and the fusion was triggered by incubating the cells
with fusion medium (Mas et al. 2002) at pH6 for 30 min at
14 °C. Monolayers were then washed and incubated with
fusion medium at pH 7.5 for 2 h at room temperature. To
evaluate the fusion, cells were fixed with cold methanol, dried
and stained with Giemsa (5 mg/ml in PBS) (Estepa et al.
2001). Cells were viewed and photographed with an inverted
fluorescence microscope (Nikon) provided with a digital cam-
era (Nikon DS-1QM). As fusion positive control, EPC and
RTG-2 cells infected with VHSV were used.

Fish maintenance and DNA immunisation protocol

Rainbow trout (Oncorhynchus mykiss) of approximately 5—
6 cm in length obtained from a VHSV-free commercial farm
(Lillogen, Leon, Spain) were maintained in 50-1 tanks at the
University Miguel Hernandez facilities at 12—14 °C with a
re-circulating dechlorinated-water system and fed daily with
a commercial diet (Trow, Leon, Spain). Prior to experi-
ments, fish were acclimatised to laboratory conditions for
2 weeks. For DNA immunisation, trout were anaesthetised
by immersion in 50 pg/ml buffered tricaine methanesulph-
onate (MS-222; Sigma) prior to handling and then divided
into groups. Groups were intramuscularly injected with one
of the following: 50 ul of PBS (non-immunised or control
fish) or 50 ul of PBS containing 2 pg of pAE6-G or pJAC-
G plasmids. At days3 and 12 post-immunisation (p.i.), three
fish from each group were sacrificed by overexposure to
MS-222 and tissue from muscle (injection site) removed.

In vivo detection of VHSV G expression

Three and 12 days after the DNA immunisation, the levels
of expression of VHSV G protein in the trout skeletal
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muscle were analysed at both transcriptional and protein
levels by quantitative real time RT-PCR (qRT-PCR) and
ELISA, respectively. The samples of muscle tissue were
taken from the site of injection and processed for qRT-
PCR as indicated for transfected cells or homogenate for
ELISA assays. For determining the Gyygy expression in
injected trout muscle by ELISA, about 20 mg of muscle
tissue was homogenised in 300 pl of distilled water and
clarified by centrifugation as previously described (Hwang
et al. 2003). Protein was adjusted to 0.1 mg/ml as estimated
by a NanoDrop spectrophotometer 2000c (Thermo Fisher
Scientific Inc.) and frozen at —20 °C until use. One hundred
microliters of muscle homogenates per well (~10 pug of
protein) was dried (in 96-well polystyrene plates,
Dynatech) by incubation overnight at 37 °C. Before use,
the coated plates were incubated for 1 h at room temperature
with 3 % dry milk in dilution buffer, washed and then
incubated for 120 min at room temperature with 100 pl/well
of the MAb anti-Gypysy 116, a non-conformation-dependent
MAD, diluted 300-fold in dilution buffer. After washing
with distilled water, 100 pl/well of a peroxidase-labelled
goat anti-mouse IgG Ab (Sigma) was added and the 1-
Step Ultra TMB-ELISA (Thermo Scientific) was used to
develop the peroxidase reaction. Sulphuric acid was finally
added to stop the reaction and the absorbance was measured
at 450 nm.

Statistical analysis

Means of replicate experiments were compared by using an
unpaired, two-tailed Student’s ¢ test assuming unequal variance.
P values <0.05 were considered to be statistically significant.

Results

Expression analysis by RT-qPCR for the screening
of transcription terminator sequences from fish genes

For the screening of expression of fish transcription termi-
nator sequences (Fig. 1), we used the pMCV 1.4-G as vector
backbone (Rocha et al. 2005), encoding the DNA sequence
of the VHSV glycoprotein G under the control of the CMV
promoter and the SV40 transcription terminator. The seven
terminator-containing vectors were then obtained by replac-
ing the SV40 transcription terminator from pMCV1.4-G
with synthetic sequences derived from terminators of fish
origin. The screening of expression was carried out by RT-
gPCR in two fish cell lines from different origin, one from
cold water salmonids (RTG-2) and another from warm water
cyprinids (EPC). No significant differences in G transcript
levels were observed among the different fish terminator-
containing vectors in either of the two cell lines (Fig. 2a).

However, differences were found using different DNA con-
centrations (250, 125 and 62 ng/well) to transfect the RTG-2
cells. Yet, in the RTG-2 the highest concentration used
(250 ng/well) yielded lower levels of G transcripts. No
differences in cell viability were observed when transfection
was carried out at the different DNA concentrations or
among the plasmid used. Moreover, the highest levels of
glycoprotein transcript expression in RTG-2 cells were
found for the zf 3-actin, GNRH and Vig2 terminators while
in the EPC cell line, most of the levels of expression were
10-fold higher than in the RTG-2 cell line (Fig. 2b).

Since (1) none of the terminator-containing vectors
(Fig. 1) showed comparable results in both cell lines
(Fig. 2), and (2) the selected fish transcription terminator
sequence should be included in a vector containing 5’ reg-
ulatory sequences from carp 3-actin gene (pAE6), we chose
the zf (3-actin terminator to continue with the study in order
to develop an expression system as homologous as possible.

In vitro VHSV G expression in pJAC-G transfected cells

To construct the all-fish vector encoding the sequence of
VHSV G glycoprotein, the SV40 transcription terminator
sequence was excised from the pAE6-G vector and replaced
with the terminator from the zf (3-actin gene. The resulting
construct, pJAC-G, was then used to transfect RTG-2 and
EPC cells and the expression levels of the G gene evaluated
by RT-qPCR and flow cytometry. To compare the expres-
sion levels, RTG-2 and EPC were transfected with pAE6-G,
a vector that contains the SV40 transcription terminator
sequence. The results of these transfection assays showed
that the transcript expression levels of the G gene in the
RTG-2 cell line were 2- to 4-fold higher in the cells trans-
fected with the pAE6-G than with the pJAC-G vector
(Fig. 3a). In contrast, the percentage of G glycoprotein
expressing cells in transfected RTG-2 cell cultures was
similar regardless of the DNA concentration or VHSV-G
containing plasmid used (Fig. 3b), suggesting a lack of
direct correlation between transcript and protein expression
levels.

EPC cells, on the other hand, showed a similar expres-
sion of the G glycoprotein at both transcript and proteins
levels regardless of the VHSV G plasmid or concentration
used (Fig. 3d, e). In this case, the maximum percentage of G
glycoprotein expressing cells reached over 22 % and the
intensity of fluorescence was higher than in transfected
RTG-2 cells (Fig. 3c, ).

Cellular localisation of the G glycoprotein in pJAC-G
transfected cells

It is known that the full-length G glycoprotein of VHSV
remains associated to the plasmatic cell membrane (Walker
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The different constructs coding for the G protein of VHSV under the
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normalise results between experiments. *Expression in each dilution of
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PMCV1.4-Gypsy SV40x 100 P<0.05. Data are depicted as the mean+
one standard deviation from two different experiments, each performed
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Fig. 3 VHSV G transcript and protein expression in RTG-2 (a, b, ¢)
and EPC (d, e, f) fish cell lines. RTG-2 or EPC cells were transfected
with pJAC-G or pAE6-G constructs. After 48 h (EPC) or 72 h (RTG-
2), VHSV G transcript levels were estimated by qPCR (a, d) and G
protein expression by flow cytometry (b, e) as described in ‘Materials
and methods’ section. (¢) and (f) show a representative merged
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and Kongsuwan 1999). We corroborated that the G glyco-
protein expressed from the pJAC-G vector in transfected
cells was correct, by transfecting RTG-2 and EPC cells with
pJAC-G and then stained them using a cocktail of anti-
VHSV G MAbs (including conformational anti-gpG
MADs). The presence of the G glycoprotein was detected
on the membrane of transfected RTG-2 and EPC (Fig. 4)
cells.

Membrane fusion mediated by the G glycoprotein
in pJAC-G transfected cells

Having established the correct expression and cellular local-
isation of the G glycoprotein, we also verified that the
protein expressed from the pJAC-G vector in transfected
cells was functional. Because one of the functional features
of the glycoprotein G of rhabdoviruses is to mediate low-pH
(5-6) dependent fusion, cell-to-cell fusion of G
glycoprotein-expressing cells results in the formation of
syncytia (multinucleated cells). Therefore, to examine the
fusion properties of pJAC-G transfected cells, syncytium-
forming assays were carried out. Syncytia were abundant in
pJAC-G and pAE6-G transfected cells (Fig. 5), but differ-
ences in the syncytia average size were observed between
transfected RTG-2 (seven to 10 nuclei per syncytia) and
EPC cells (12 to 20 nuclei per syncytia) (not shown).
Moreover, the percentage of nuclei in syncytia was higher
in EPC (65 %) (Fig. 5b, d) than in RTG-2 cells (7 %)
(Fig. Sa, c), correlating with the percentage of G expressing
cells in each cell line (Fig. 4).

On the other hand, the percentage of nuclei in syncytia
was higher in the RTG-2 cells transfected with pJAC-G than
in those transfected with pAE6-G (Fig. 5a) suggesting that
pJAC-G RTG-2 transfected cells express higher levels of
VHSV-G protein per cell than the pAE6-G transfected ones.

Fig. 4 Membrane
immunofluorescence of the
expressed G protein in RTG-2
(a—c) and EPC (d—f) transfected
cells. a, d Fluorescent cell
micrographs; b, e phase con-
trast; ¢, f merged fields

RTG-2 cells

EPC cells

A representative image of the syncytia found in both lines is
shown in Fig. 5¢ (RTG-2) and d (EPC).

In vivo G glycoprotein expression in muscle
intramuscularly injected with pJAC-G

Rainbow trout were injected intramuscularly with pJAC-G
and pAE6-G, and expression of the G glycoprotein at tran-
script and protein levels were evaluated 3 and 12 days post-
injection (dpi) (Fig. 6). G glycoprotein transcripts were
detectable in the muscle of all fish injected with the G-
encoding plasmids. The accumulation of G glycoprotein
transcripts was higher in the fish injected with pJAC-G at
3 dpi, but when injected with pAE6-G higher levels were
observed at 12 dpi (Fig. 6a). The levels of transcription did
not correlate with G protein levels, similarly to what oc-
curred in vitro. G protein levels (Fig. 6b) were slightly
higher in the muscle from fish injected with pAE6-G at
days3 and 12 post-immunisation than in fish injected with
pJAC-G, but the differences between the two constructs
were not significant.

Discussion

To date, the main emphasis on DNA vaccine research has
been on their functionality and immunological responses
whereas work on safety aspects has been deferred. In con-
trast, this work has mainly focused on one of the safety
issues related to these vaccines, the presence of viral regu-
latory sequences in DNA vaccine vectors. To evaluate
whether or not vector constructs harbouring regulatory
sequences derived from genes homologous to the DNA
vaccine target animal species could be a potential solution,
we designed a new DNA vaccine vector containing
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Fig. 5 Low-pH-induced fusion
of pJAC-G and pAE6-G trans-
fected RTG2 (a) and EPC (b)
cells. To comparatively evalu-
ate the functionality of the G
expressed in RTG2 and EPC
cells transfected with pJAC-G
and pAE6-G, fusion was in-
duced by low pH. Merged nu-
clei were counted and
compared to the number of nu-
clei present in a 96-well plate.
Both plasmids at 150 ng/well or
75 ng/well. pJAC-G (grey bars)
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regulatory sequences only from fish origin (‘all-fish vec-
tor’). Then, with this new vector we develop an optimised
DNA vaccine against the fish rhabdovirus, VHSV.

To develop such an all-fish vector, the previously de-
scribed pAE6 vector containing the 5’ upstream sequences
of the carp [3-actin gene was chosen because in vivo fish
DNA vaccination assays have shown that this vector con-
ferred similar fish protection against VHSV lethal challenge
than CMV-based vectors and therefore could be an effective
alternative (Chico et al. 2009). Furthermore, data on the
influence of transcription terminator sequences of fish origin
in the expression of the G protein of VHSV have not yet
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Fig. 6 VHSV G protein expression in skeletal muscle of rainbow trout
injected with pJAC-G and pAE6-G. VHSV-G expression was studied
in rainbow trout i.m. injected with 2 pg of pJAC-G or pAE6-G
plasmids. After 3 and 12 days, transcripts and protein expression were
analysed. Three and 12 days p.i., muscle samples from immunised fish
were homogenised and analysed by ELISA using a non-conformation-
dependent MAD to Gypsy- Absorbance readings were measured at
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been reported. Therefore, alternative transcription termina-
tor sequences from fish genes had to be synthesised and then
tested. The results showed that all-fish terminators exerted
their function suitably and can be used to substitute the
SV40 terminator. Among the seven transcription terminators
tested, the one from zebra fish 3-actin gene was selected to
be combined with the pAE6 enhancer-promoter (pJAC-QG),
because (1) it worked in two different fish cell lines from
cold as well as warm water fish and (2) it allowed the
development of a homologue expression system by using
both enhancer-promoter and terminator from a similar fish
family.
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450 nm. a Expression of Gyysy transcripts in muscle tissue estimated
by qRT-PCR. Bars represent the average values and standard devia-
tions for three fish per group. b Gypgy protein expression in muscle
tissue estimated by ELISA. Bars represent the average values and
standard deviations for three fish per group. pJAC-G (grey bars) or
PAEG6-G (white bars). *Significantly different as determined by un-
paired ¢ test (P<0.05)
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The ability of pJAC-G to drive the in vitro expression of the
VHSV G glycoprotein was evaluated in two different cell
lines. On the one hand, since rhabdoviral infections begin on
fish external surfaces (Costes et al. 2009; Encinas et al. 2010;
Harmache et al. 2006; Helmick et al. 1995) and the epithelial
fish tissue might be one of the main early targets for the
replication of VHSYV, the epithelial warm water EPC cell line
was chosen. On the other hand, the possible use of DNA
vaccines for salmonid fish would also require those vectors
to be assayed in cold water salmonid cell lines such as the
RTG-2 cell line derived from rainbow trout (O. mykiss) and
therefore this cell line was also chosen. The G glycoprotein
transcript levels were higher when both cell lines were trans-
fected with the pAE6-G vector containing the SV40 termina-
tor, suggesting an increased production and/or enhanced
mRNA stability associated with the presence of viral termina-
tor elements (Pfeiffer et al. 2010). Strikingly, the increased
presence of G transcripts observed with pAE6-G was not
always reflected on the amount of expressed G protein. This
was observed in RTG-2 cells, where the percentage of G
expressing cells was similar between the two constructs.

Since the expression of G might vary when plasmids are
injected in vivo (Xiang et al. 1995), we also evaluated the
expression of the G glycoprotein gene in the muscle of trout
intramuscularly injected with pJAC-G and pAE6-G both at
the transcript and protein expression levels. The results
unequivocally demonstrated that the all-fish pJAC-G vector
is a real alternative to conventional DNA plasmids.

In conclusion, this work shows that viral regulatory
sequences might be replaced from a DNA vector without
compromising the expression of the encoded antigen.
However, this study is only a starting point due to the
potential risk of insertional mutagenesis when highly inter-
species-conserved sequences are used (Gregoriadis 1998;
Smith and Klinman 2001). Consequently, to reduce this
potential risk, we are also studying combinations of core
and enhancer sequences of different fish promoters’ termi-
nator sequences to develop new synthetic regulatory
sequences with lower homology to fish genomic sequences.
It is expected that such all-fish vectors would contribute to
make potentially safer fish DNA vaccines.

Acknowledgements Thanks are due to Beatriz Bonmati for technical
assistance. This work was supported by Spanish projects AGL2011-
28921-C03-01 and -02 and CONSOLIDER INGENIO 2010-
CSD2007-00002 from MICINN and ISIC-2012-003 from Generalitat
Valenciana.

References

Alonso M, Chiou PP, Leong JA (2011) Development of a suicidal
DNA vaccine for infectious hematopoietic necrosis virus (IHNV).
Fish Shellfish Immunol 30(3):815-823

Belakova J, Horynova M, Krupka M, Weigl E, Raska M (2007) DNA
vaccines: are they still just a powerful tool for the future? Arch
Immunol Ther Exp (Warsz) 55(6):387-398

Boudinot P, Salhi S, Blanco M, Benmansour A (2001) Viral haemor-
rhagic septicaemia virus induces vig-2, a new interferon-
responsive gene in rainbow trout. Fish Shellfish Immunol 11
(5):383-397

Brocal I, Falco A, Mas V, Rocha A, Perez L, Coll JM, Estepa A (2006)
Stable expression of bioactive recombinant pleurocidin in a fish
cell line. Appl Microbiol Biotechnol 72(6):1217—-1228

Caldovic L, Hackett PBJ (1995) Development of position-independent
expression vectors and their transfer into transgenic fish. Mol Mar
Biol Biotechnol 4:51-61

Cheng C, Lu KL, Lau EL, Yang TY, Lee CY, Wu JL, Chang CY (2002)
Growth promotion in ayu (Plecoglossus altivelis) by gene transfer
of the rainbow trout growth hormone gene. Zool Stud 41:303-310

Chico V, Ortega-Villaizan M, Falco A, Tafalla C, Perez L, Coll JM,
Estepa A (2009) The immunogenicity of viral haemorrhagic sep-
ticaemia rhabdovirus (VHSV) DNA vaccines can depend on
plasmid regulatory sequences. Vaccine 27(13):1938-1948

Costes B, Raj VS, Michel B, Fournier G, Thirion M, Gillet L, Mast J,
Lieffrig F, Bremont M, Vanderplasschen A (2009) The major
portal of entry of koi herpesvirus in Cyprinus carpio is the skin.
J Virol 83(7):2819-2830

Donnelly JJ, Wahren B, Liu MA (2005) DNA vaccines: progress and
challenges. J Immunol 175(2):633-639

Encinas P, Rodriguez-Milla MA, Novoa B, Estepa A, Figueras A, Coll
IM (2010) Zebrafish fin immune responses during high mortality
infections with viral haemorrhagic septicemia rhabdovirus. BMC
Genom 11:518-534

Estepa A, Rocha A, Pérez L, Encinar JA, Nufiez E, Fernandez A,
Gonzalez Ros JM, Gavilanes F, Coll JM (2001) A protein frag-
ment from the salmonid VHS rhabdovirus induces cell-to-cell
fusion and membrane phosphatidylserine translocation at low
pH. J Biol Chem 276:46268-46275

Farahmand H, Rahman MA, Sohm F, Hwang GL, Maclean N (2003)
Isolation and expression of tilapia (Oreochromis niloticus) serine
8-type GnRH coding and regulatory sequences. Gene 304:97—-106

Gregoriadis G (1998) Genetic vaccines: strategies for optimization.
Pharm Res 15(5):661-670

Harmache A, LeBerre M, Droineau S, Giovannini M, Bremont M
(2006) Bioluminescence imaging of live infected salmonids
reveals that the fin bases are the major portal of entry for
Novirhabdovirus. J Virol 80(7):3655-3659

Helmick CM, Bailey JF, LaPatra S, Ristow S (1995) The esophagus/
cardiac stomach region: site of attachment and internalization of
infectious hematopoietic necrosis virus in challenged juvenile
rainbow trout (Onchorynchus mykiss) and coho salmon (O.
kisutch). Dis Aquat Org 23:189-199

Hwang GL, Azizur Rahman M, Abdul Razak S, Sohm F, Farahmand
H, Smith A, Brooks C, Maclean N (2003) Isolation and character-
isation of tilapia beta-actin promoter and comparison of its activ-
ity with carp beta-actin promoter. Biochim Biophys Acta 1625
(1):11-18

Johnson MC, Sangrador-Vegas A, Smith TJ, Cairns MT (2004)
Molecular cloning and expression analysis of rainbow trout
(Oncorhynchus mykiss) matrix metalloproteinase-9. Fish Shellfish
Immunol 17(5):499-503

Laddy DJ, Weiner DB (2006) From plasmids to protection: a review of
DNA vaccines against infectious diseases. Int Rev Immunol 25(3—
4):99-123

LeBerre M, De Kinkelin P, Metzger A (1977) Identification sérologique
des rhabdovirus des salmonidés. Bull Off Int Epizoot 87:391-393

Liu ZJ, Zhu ZY, Roberg K, Faras A, Guise K, Kapuscinski AR,
Hackett PB (1990) Isolation and characterization of beta-actin
gene of carp (Cyprinus carpio). DNA Seq 1:125-136

@ Springer



3016

Appl Microbiol Biotechnol (2013) 97:3007-3016

Liu MA, Hilleman MR, Kurth R (1995) DNA vaccines. A new era in
vaccinology. Ann NY Acad Sci 772:1-294

Lopez A, Fernandez-Alonso M, Rocha A, Estepa A, Coll IM (2001)
Transfection of epithelioma cyprini carp (EPC) cells. Biotechnol
Lett 23:481-487

Martin JE, Pierson TC, Hubka S, Rucker S, Gordon 1J, Enama ME,
Andrews CA, Xu Q, Davis BS, Nason M, Fay M, Koup RA,
Roederer M, Bailer RT, Gomez PL, Mascola JR, Chang G-JJ,
Nabel GJ, Graham BS (2007) A West Nile virus DNA vaccine
induces neutralizing antibody in healthy adults during a phase 1
clinical trial. J Infect Dis 196(12):1732—-1740

Martinez-Alonso S, Martinez-Lopez A, Estepa A, Cuesta A, Tafalla C
(2011) The introduction of multi-copy CpG motifs into an anti-
viral DNA vaccine strongly up-regulates its immunogenicity in
fish. Vaccine 29(6):1289-1296

Mas V, Perez L, Encinar JA, Pastor MT, Rocha A, Perez-Paya E, Ferrer-
Montiel A, Gonzalez Ros JM, Estepa A, Coll JM (2002) Salmonid
viral haemorrhagic septicaemia virus: fusion-related enhancement of
virus infectivity by peptides derived from viral glycoprotein G or a
combinatorial library. J Gen Virol 83(Pt 11):2671-2681

Mas V, Rocha A, Perez L, Coll JM, Estepa A (2004) Reversible
inhibition of spreading of in vitro infection and imbalance of
viral protein accumulation at low pH in Viral Haemorrhagic
Septicaemia Rhabdovirus (VHSV), a Salmonid Rhabdovirus.
J Virol 78(4)

McFarland TJ, Zhang Y, Atchaneeyaskul LO, Francis P, Stout JT,
Appukuttan B (2006) Evaluation of a novel short polyadenylation
signal as an alternative to the SV40 polyadenylation signal.
Plasmid 56(1):62—67

Nuiiez E, Fernandez AM, Estepa A, Gonzalez-Ros JM, Gavilanes F,
Coll JM (1998) Phospholipid interactions of a peptide from the
fusion-related domain of the glycoprotein of VHSV, a fish rhab-
dovirus. Virology 243:322-330

Ortega-Villaizan M, Chico V, Martinez-Lopez A, Falco A, Perez L,
Coll JM, Estepa A (2011) In vitro analysis of the factors contributing
to the antiviral state induced by a plasmid encoding the viral

@ Springer

haemorrhagic septicaemia virus glycoprotein G in transfected trout
cells. Vaccine 29(4):737-743

Pfeiffer BD, Ngo TT, Hibbard KL, Murphy C, Jenett A, Truman JW,
Rubin GM (2010) Refinement of tools for targeted gene expres-
sion in Drosophila. Genetics 186(2):735-755

Rocha A, Ruiz S, Coll JM (2005) Improvement of transfection
efficiency of epithelioma papulosum cyprini carp cells by
modification of their cell cycle and using an optimal promoter.
Mar Biotechnol 6:401-410

Ruiz S, Tafalla C, Cuesta A, Estepa A, Coll JM (2008) In vitro search for
alternative promoters to the human immediate early-cytomegalovirus
(IE-CMV) to express the G gene of viral haemorrhagic septicemia
virus (VHSV) in fish epithelial cells. Vaccine 26:6620—-6629

Salonius K, Simard N, Harland R, Ulmer JB (2007) The road to licensure
of'a DNA vaccine. Curr Opin Investig Drugs 8(8):635-641

Schleiss M (2009) VCL-CBOI, an injectable bivalent plasmid DNA
vaccine for potential protection against CMV disease and infec-
tion. Curr Opin Mol Ther 11(5):572-578

Smith HA, Klinman DM (2001) The regulation of DNA vaccines. Curr
Opin Biotechnol 12(3):299-303

Thiry M, Lecog-Xhonneux F, Dheur I, Renard A, Kinkelin D (1990)
Molecular cloning of the m-RNA coding for the G protein of the viral
haemorrhagic septicaemia (VHS) of salmonids. J Vet Microbiol
23:221-226

Walker PJ, Kongsuwan K (1999) Deduced structural model for animal
rhabdovirus glycoproteins. J Gen Virol 80(Pt 5):1211-1220

Williams J, Carnes AE, Hodgson CP (2009) Plasmid DNA vaccine
vector design: impact on efficacy, safety and upstream production.
Biotechnol Adv 4:353-370

Winton J, Batts W, deKinkelin P, LeBerre M, Bremont M, Fijan N (2010)
Current lineages of the epithelioma papulosum cyprini (EPC) cell
line are contaminated with fathead minnow, Pimephales promelas,
cells. J Fish Dis 33:701-704

Xiang ZQ, Knowles BB, McCarrick JW, Erlt HCJ (1995) Immune
effector mechanisms required for protection to rabies virus.
Virology 214:398-404


https://www.researchgate.net/publication/235349484

	Improving...
	Abstract
	Introduction
	Materials and methods
	Expression vectors
	Construction of plasmids with fish terminators
	Cell cultures
	Transfection assays
	Gene expression assays
	Flow cytometry assays
	Immunofluorescence assays
	Fusion assays
	Fish maintenance and DNA immunisation protocol
	In vivo detection of VHSV G expression
	Statistical analysis

	Results
	Expression analysis by RT-qPCR for the screening of transcription terminator sequences from fish genes
	In vitro VHSV G expression in pJAC-G transfected cells
	Cellular localisation of the G glycoprotein in pJAC-G transfected cells
	Membrane fusion mediated by the G glycoprotein in pJAC-G transfected cells
	In vivo G glycoprotein expression in muscle intramuscularly injected with pJAC-G

	Discussion
	References


